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.5$7$.6$'5ä$-
Uvod 3RVWRSHUDWLYQD RVHWOMLYRVW MH þHVW SUREOHP NRG
SDFLMHQDWDQDNRQSRVWDYOMDQMDNRPSR]LWQLKLVSXQDQD]XELPD
Cilj RYRJ LVWUDåLYDQMD MH ELR GD VH SURYHUL NOLQLþND
HILNDVQRVW RNVDODWQRJ GHVHQ]LELOL]DWRUD %LV%ORFN X SUH-
YHQFLMLSRVWRSHUDWLYQHRVHWOMLYRVWLSRVOHSRVWDYOMDQMDNRP-
SR]LWQLKLVSXQDQDERþQLP]XELPD
Materijal i metod .OLQLþNR LVWUDåLYDQMH MH VSURYH-
GHQR QD .OLQLFL ]D %ROHVWL ]XED 6WRPDWRORãNRJ IDNXOWHWD
8QLYHU]LWHWD X %HRJUDGX 8 LVWUDåLYDQMH MH XNOMXþHQ 
SDFLMHQW RVRED RED SROD X]UDVWD RG  GR  JRGLQH
.RGVYDNRJSDFLMHQWDVXXUDÿHQDGYDNDYLWHWDGUXJHNODVH
QD SUHPRODULPD  NDYLWHWD L UHVWDXULVDQL NRPSR]LWQLP
LVSXQLPD-HGDQUHVWDXULVDQL]XEVYDNRJLVSLWDQLNDMHWUH-
WLUDQ %L6%ORFNP HNSHULPHQWDODQD JUXSD GRN MH GUXJL
SRVOXåLR NDR NRQWUROQD JUXSD8 UHVWDXUDWLYQRM SURFHGX-
UL NDR DGKH]LYQR VUHGVWYR MH NRULãüHQ 6LQJOH %RQG 0
(63( D ]XEL VX UHVWDXULVDQL NRPSR]LWQLP PDWHULMDORP
9DOX[SOXV0(63(3URFHQDRVHWOMLYRVWLMHYUãHQDSRVOH
SUYRJ þHWYUWRJ L VHGPRJ GDQD RG UHVWDXUDFLMH LVSLWLYD-
QMHPRVHWOMLYRVWLQDWHUPLþNHLRVPRWVNHQDGUDåDMHLLVSLWL-
YDQMHPRVHWOMLYRVWLQDSULWLVDNXWRNXPDVWLNDFLMH




.OMXþQH UHþL SRVWRSHUDWLYQD RVHWOMLYRVW NRPSR]LWQH UHVWDXUDFLMH
RNVDODWQLGHVHQ]LELOL]DWRU
3RVWRSHUDWLYQDRVHWOMLYRVW VH þHVWRGRYRGLXYH]X VD
NRPSR]LWQLPLVSXQLPDQDERþQLP]XELPD8SUNRVQDMQR-
YLMLPGRVWLJQXüLPDVDGHQWDOQLPUHVWDXUDWLYQLPWHKQLNDPD
3RVWRSHUDWLYH VHQVLWLYLW\ LV RIWHQ UHODWHG WR 5%&









Materials and Methods7KLVFOLQLFDO VWXG\ZDVFRQ-
GXFWHGDW%HOJUDGH8QLYHUVLW\6FKRRORI'HQWLVWU\'HSDUW-
PHQW RI 5HVWRUDWLYH'HQWLVWU\ DQG (QGRGRQWLFV 7KH VWXG\
FRPSULVHG  SDWLHQWV ERWK VH[HV DJHG  ±  ,Q HDFK
SDWLHQW WZR FODVV ,, FDYLWLHV ZHUH SUHSDUHG LQ SUHPRODUV
FDYLWLHVDQGUHVWRUHGZLWK5%&V2QHUHVWRUHGWRRWKLQ
HDFKSDWLHQWZDVWUHDWHGZLWK%LV%ORFNH[SHULPHQWDOJURXS




DIWHU UHVWRUDWLRQ DQG FRPSULVHG VHQVLWLYLW\ RQ WKHUPDO DQG
RVPRWLFVWLPXOLDVZHOODVVHQVLWLYLW\GXULQJPDVWLFDWLRQ





Mogućnost prevencije postoperativne 














LPDWHULMDOLPD SRVWRSHUDWLYQD RVHWOMLYRVW MRã XYHN QLMH X
SRWSXQRVWL UD]MDãQMHQD3RVWRML YLãH WHRULMDNRMHREMDãQMD-
YDMXRYXSRMDYX1HSRYROMQL HIHNWLSURX]URNRYDQLSUHSD-
UDFLMRPNDYLWHWDNDRãWRVXSUHWHUDQR]DJUHYDQMHLGHKLGUD-




WRNVLþQLP ]D SXOSQRGHQWLQVNL NRPSOHNV SD MH ]DWR ELOD
QHRSKRGQD ]DãWLWQD EDULMHUD ]D GHQWLQ X RGEOLNX SRGORJH
LOL ODMQHUD 0HGMXWLP QHGDYQH VWXGLMH VX SRND]DOH GD










SHUDWXUH RVPRWVNL QDGUDåDML GROD]L GR NUHWDQMD WXEXODUQH
WHþQRVWLEU]LQRPRGPPXVHNXQGL+LGURGLQDPVNLSUL-
WLVDNGRYRGLGRSRPHUDQMD WHODüHOLMDRGRQWREODVWD L LVWH]D-
QMD WHUPLQDOQLK ]DYUãHWDND QHUYQLK SOHNVXVD ãWR RPRJXüD-
YDXOD]DNNDOLMXPD LGHSRODUL]DFLMXPHPEUDQHãWRVHRVHüD
NDR LQWHQ]LYDQ ERO .RQGLFLRQLUDQMHP GHQWLQD NLVHOLQRP
GHQWLQVNL NDQDOLüL RVWDMX ãLURNRRWYRUHQL'DEL VH VSUHþLOR
LQWHUWXEXODUQR NUHWDQMH WHþQRVWL D VDPLP WLP L SUHYHQFLMD
SRVWHUDSLMVNHRVHWOMLYRVWLGHQWLQVNLNDQDOLüLXWRNXSRVWXSND
UHVWDXUDFLMH NRPSR]LWQLPPDWHULMDORPPRUDMX ELWL SRWSXQR
]DWYRUHQL0HGMXWLP WHKQLNDDSOLNDFLMHDGKH]LYD LSRWSXQR
QDJUL]DQMHGHQWLQDþHVWRSUHGVWDYOMDSUREOHPXRVWYDULYDQMX
KLEULGQRJ VORMD NDR RVQRYQRJ SDUDPHWUD VQDåQH DGKH]LYQH









SUHNVL MH GRGDWQD XSRWUHED GHVHQ]LELOL]DWRUD   6PDWUD
VH GD MH HILNDVQR VUHGVWYR ]D WR GHVHQ]LELOL]DWRU QD ED]L
RNVDODWD NRML VH DSOLNXMH QD NLVHOLQRP QDJULåHQL GHQWLQ
QHSRVUHGQRSUHDSOLNDFLMHDGKH]LYDXFLOMXSRWSXQRJ]DWYD-
UDQMDRWYRUHQLKGHQWLQVNLKNDQDOLüD2NVDODWQDNLVHOLQDLPD




UHGXNXMX KLGURGLQDPVNX SURYRGOMLYRVW 3RVOH QDQRãHQMD





DOV SRVWRSHUDWLYH VHQVLWLYLW\ LV QRW IXOO\ XQFRYHUHG \HW
7KHUHDUHVHYHUDOWKHRULHVWKDWH[SODLQWKLVSKHQRPHQRQ
8QIDYRXUDEOH HIIHFWV RI FDYLW\ SUHSDUDWLRQ VXFK DV GHQ-




IRU SXOSGHQWLQH FRPSOH[ DQG UHTXLUHG SURWHFWLYH EDU-
ULHUIRUGHQWLQHLQWKHIRUPRIEDVHRUOLQHU+RZHYHU




FDYLW\ SURWHFWLRQ LV QHFHVVDU\ LQ GHHS FDYLWLHV UHVWRUHG
ZLWK5%&V
3RVWRSHUDWLYH VHQVLWLYLW\ RFFXUV DIWHU SODFHPHQW RI
5%& UHVWRUDWLRQV LQ VSLWH RI WKH DGGLWLRQDO SURWHFWLRQ RI
SXOSGHQWLQHFRPSOH[2QHRIWKHPRVWFRPPRQH[SODQD-
WLRQVRI WKLVSKHQRPHQRQ LV EDVHGRQ WKHK\GURG\QDPLF
WKHRU\6WLPXOLOLNHGHQWLQHGHVLFFDWLRQWHPSHUDWXUHDQG
RVPRWLFFKDQJHVLQGXFHWXEXODUIOXLGWRPRYHDWPP
VHF+\GURG\QDPLF SUHVVXUH UHVXOWV LQ WKHPRYHPHQW RI
RGRQWREODVW FHOOV DQG VWUHWFKLQJ RI QHUYH HQGLQJVZKLFK
HQDEOH SRWWDVLXP HQWHU WKH FHOOV DQG GHSRODUL]H PHP-
EUDQHV ZKLFK LV H[SHULHQFHG DV LQWHQVH SDLQ 'HQWLQH
DFLGHWFKLQJZLGHQVGHQWLQDO WXEXOHV ,QRUGHU WRSUHYHQW
LQWHUWXEXODU IOXLG PRYHPHQW DQG FRQVHTXHQWO\ SRVWRS-
HUDWLYH VHQVLWLYLW\ GHQWLQDO WXEXOHV PXVW EH FRPSOHWHO\
VHDOHG GXULQJ FDYLW\ UHVWRUDWLRQ ZLWK 5%&V +RZHYHU
WRWDOHWFKWHFKQLTXHDQGDGKHVLYHDSSOLFDWLRQRIWHQSRVH
DSUREOHP LQK\EULG OD\HU IRUPDWLRQDV WKHEDVLFSDUDP-
HWHU RI D VWURQJ ERQG ,Q RUGHU WR DFKLHYH WKLV NLQG RI




WKH K\EULG OD\HU PD\ FDXVH K\GURG\QDPLF IOXLG PRYH-
PHQW DQG SRVWRSHUDWLYH VHQVLWLYLW\ 7KHUH ZHUH QXPHU-
RXV DWWHPSWV WR VROYH WKLV SUREOHP DQG RQH RI WKHZD\V
WR UHGXFH SRVWRSHUDWLYH VHQVLWLYLW\ LQ FOLQLFDO SUDFWLFH LV
DGGLWLRQDO XVH RI GHVHQVLWL]HUV7-9 2[DODWHEDVHG GHVHQ-
VLWL]HU LV EHOLHYHG WR EH HIILFLHQW LW LV DSSOLHG RQ DFLG
HWFKHG GHQWLQH LPPHGLDWHO\ EHIRUH DGKHVLYH DSSOLFDWLRQ
LQRUGHUWRFRPSOHWHO\VHDOGHQWLQDOWXEXOHV2[DODWHDFLG
KDV WKH DIILQLW\ WRZDUGV GHQWLQDO FDOFLXP LRQV DQG FU\V-
WDOV RI FDOFLXPR[DODWH VDOWV DUH IRUPHG7-9$SSO\LQJ WKH
GHVHQVLWL]HURQFRQGLWLRQHGGHQWLQHVXFKFDOFLXPR[DODWH
FU\VWDOV VHDO GHQWLQDO WXEXOHV DQG VLJQLILFDQWO\ UHGXFH
K\GURG\QDPLF FRQGXFWLYLW\$IWHU WKH DSSOLFDWLRQ RI WKLV












VYDNRJ SDFLMHQWD VX XUDÿHQD GYD NDYLWHWD GUXJH NODVH QD
SUHPRODULPDNDYLWHWDLUHVWDXULVDQLNRPSR]LWQLPLVSX-




SRND]LYDOL ]QDNRYH RãWHüHQMD SXOSRGHQWLQVNRJ NRPSOHNVD
'DEL VH LVNOMXþLORSRVWRMDQMHRYLKSURPHQD ]XEL VX WUHWL-
UDQLWHVWRPWRSORWRKODGQRWRSORJXWDSHUNDãWDSLüLKODGDQ

















3UHSDUDW MH QDQRãHQ þHWNLFRP ]D MHGQRNUDWQX XSRWUHEX X
WUDMDQMX RG  VHNXQGL 3RYUãLQD ]XED MH SRWRP LVSUDQD
YRGHQLPPOD]RPX WUDMDQMXRG VHNXQGL1DNRQSRVX-
ãLYDQDMDNDYLWHWD DSOLNRYDQ MH6LQJOH%RQG 0(63( 
X]SRPRüþHWNLFHDSOLNDWRUD9LãDNUDVWYDUDþDMHXNORQMHQ
POD]RP YD]GXKD L] SXVWHUD X WUDMDQMX RG  ±  VHNXQGL
VD XGDOMHQRVWL RG  ±  FP$ DGKH]LY MH SURVYHWOMHQ X
WUDMDQMX RG  VHNXQGL1D WDNR SULSUHPOMHQ ]XE SRVWDY-
OMDQDMHPDWULFDGL]DMQLUDQD]DUHNRQVWUXNFLMXDSURNVLPDO-
QLK NDYLWHWD  7KH 3DORGHQW 6LVWHP 'HQWVSO\  VO QD




MH WDQDNVORM WHþQRJNRPSR]LWD)LOWHN)ORZ0(63( L








7KH FOLQLFDO VWXG\ZDV FRQGXFWHG DW%HOJUDGH8QL-
YHUVLW\ 6FKRRO RI 'HQWLVWU\ 'HSDUWPHQW RI 5HVWRUDWLYH
'HQWLVWU\ DQG (QGRGRQWLFV 7KH VWXG\ FRPSULVHG 
SDWLHQWV ERWK VH[HV DJHG± ,Q HDFKSDWLHQW WZR
FODVV,,FDYLWLHVZHUHSUHSDUHGLQSUHPRODUVFDYLWLHV
DQG UHVWRUHGZLWK5%&V ,Q RQH FDYLW\ WKH GHVHQVLWL]HU
ZDVDSSOLHGZKLOHWKHRWKHUZDVXVHGDVDFRQWURO(DFK
SDWLHQWZDV LQIRUPHGDERXW WKHQDWXUHRI WKH VWXG\7KH
VWXG\ FRPSULVHG RQO\ FDULRXV WHHWK ZLWKRXW WKH V\PS-
WRPVRISXOSGHQWLQHFRPSOH[EHLQJDIIHFWHG,QRUGHUWR
H[FOXGH WKHVH SDWKRORJLF FKDQJHV WHHWK ZHUH VXEMHFWHG
WR WKHUPDO KRWFROG WHVW KRW ± JXWWDSHUFKD VWLFN FROG
± LFH VWLFN7KHVWLPXOXVZDVDSSOLHG WREXFFDO VXUIDFH
RIWKHH[SHULPHQWDOWRRWKDQGLWVUHDFWLRQZDVFRPSDUHG
WR WKH FRQWURO WRRWK &OLQLFDO SURFHGXUH LQ HDFK SDWLHQW
LQFOXGHG ORFDO DQDHVWKHVLD &DYLW\ SUHSDUDWLRQ ZDV SHU-
IRUPHG XVLQJ GLDPRQG EXUV LQ D KLJKVSHHG KDQGSLHFH
ZLWK ZDWHUFRROLQJ &DULHV ZDV UHPRYHG XVLQJ D URXQG
FDUELGHEXU&DYLW\VKDSHGHSHQGHGRQWKHH[WHQWRIFDUL-
RXVDIIHFWHGGHQWLQHDQGSUHSDUDWLRQVZHUHGRQHE\RQH






,Q WKH H[SHULPHQWDO JURXS WKH VXUIDFHRI HDFKFDY-





















RNOX]DOQRJ XUDYQRWHåHQMD L REUDGH GRVWXSQLK SRYUãLQD
3ROLUDQMHMHXUDÿHQRXLVWRMSRVHWL
8NRQWUROQRM JUXSL QD GUXJRPSUHPRODUX MH VSURYH-





,Q WKHFRQWUROJURXS WKH VDPH UHVWRUDWLYHSURFHGXUH







=D SURFHQX SRVWRSHUDWLYQH RVHWOMLYRVWL NRG WHVWLUD-
QLK SDFLMHQWD NRULãüHQ MH SRVHEQR SULSUHPOMHQ XSLWQLN 3UYL
]XENRGVYDNRJSDFLMHQWD MH UHVWDXULVDQSUHPDSURWRNROX]D
HNVSHULPHQWDOQX JUXSX 3R ]DYUãHWNX UHVWDXUDFLMH SDFLMHQWX
MHGDWXSLWQLNGDELVHUHJLVWURYDODHYHQWXDOQDSRMDYDSRVWR-









,Q RUGHU WR HYDOXDWH SRVWRSHUDWLYH VHQVLWLYLW\ D VSH-
FLDOO\GHVLJQHGTXHVWLRQQDLUHZDVXVHG7KHILUVW WRRWK LQ
HDFK SDWLHQW ZDV UHVWRUHG DFFRUGLQJ WR WKH SURWRFRO IRU
H[SHULPHQWDO JURXS $IWHU UHVWRUDWLRQ HDFK SDWLHQW ZDV
JLYHQ WKH TXHVWLRQQDLUH IRU QRWLQJ SRVVLEOH SRVWRSHUDWLYH
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8VOHGHüRMSRVHWLSDFLMHQWMHYUDüDRXSLWQLNLXUDÿHQD
MH SUHSDUDFLMD L UHVWDXUDFLMD QD GUXJRP SUHPRODUX SUHPD
SURWRNROX]DNRQWUROQXJUXSX,SRVOHRYRJWUHWPDQDSDFL-





DQG WKH VHFRQG SUHSDUDWLRQ DQG UHVWRUDWLRQZHUH GRQH LQ
WKH RSSRVLWH SUHPRODU DFFRUGLQJ WR WKH SURWRFRO IRU FRQ-
WUROJURXS$IWHUWKLVWUHDWPHQWWKHQHZTXHVWLRQQDLUHZDV








K GDQ GDQ K GDQ GDQ
Q  Q  Q  Q  Q  Q 
+ODGQR
3ULVXWQD 1  1  1       
1LMHSULVXWQD            
7RSOR
3ULVXWQD 0  0  0  0  0  0 
1LMHSULVXWQD            
2VPRWVNLQDGUDåDML
3ULVXWQD 0  0  0  1  1  1 
1LMHSULVXWQD            
3ULWLVDN
3ULVXWQD 1  1  0       














L]QRVLR  3RVPDWUDQR ]D VYDNL QDGUDåDM SRVHE-
QR SURFHQDW SRWSXQRJ RGVXVWYD EROD QD QDGUDåDM X REOL-
NXKODGQLKMHODLSLüDXHNVSHULPHQWDOQRMJUXSLMHL]QRVLR
GRNMHXNRQWUROQRMWDMSURFHQDWL]QRVLR




3URFHQDW SRWSXQRJ RGVXVWYD EROD QD SULWLVDN X WRNX
PDVWLNDFLMH X HNVSHULPHQWDOQRM JUXSL MH L]QRVLR 
GRNMHWDMSURFHQDWXNRQWUROQRML]QRVLR
1LMH SURQDÿHQD VWDWLVWLþNL ]QDþDMQD UD]OLND SRMDYH
SRVWRSHUDWLYQHRVHWOMLYRVWLXRYLPJUXSDPDSRVPDWUDQRX
RGQRVX QD YUHPHQVNL RSVHJ X NRPH MH LVWUDåLYDQMH VSUR-






RG QDþLQD ]D L]EHJDYDQMH SRVWRSHUDWLYQH RVHWOMLYRVWL
1MHJRYDNOLQLþNDHILNDVQRVWVH]DVQLYDQDVSRVREQRVWLRNOX-





LVWUDåLYDQMX<LX D L VDU  SRUHG S+ DGKH]LYQRJ VUHGVWYD




RI SRVWRSHUDWLYH VHQVLWLYLW\ LQ WKH H[SHULPHQWDO JURXS
DIWHUGD\GD\DQGGD\ZDVUHJLVWHUHGLQRI
SDWLHQWV ZKLOH WKLV SHUFHQWDJH LQ WKH FRQWURO JURXS ZDV
 &RPSOHWH DEVHQFH RI SRVWRSHUDWLYH VHQVLWLY-





&RPSOHWH DEVHQFH RI SRVWRSHUDWLYH VHQVLWLYLW\ WR
PDVWLFDWLRQ SUHVVXUHZDV VHHQ LQ RI FDVHV LQ WKH
H[SHULPHQWDODQGLQWKHFRQWUROJURXS
7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ
SRVWRSHUDWLYH VHQVLWLYLW\ LQ ERWK JURXSV LQ UHVSHFW WR WKH
VWXG\ SHULRG S!$GGLWLRQDOO\ WKHUHZDV QR GLIIHU-
HQFHDIWHUGD\GD\DQGGD\S!
'LVFXVVLRQ
7KH DSSOLFDWLRQ RI DQ R[DODWHEDVHG GHVHQVLWL]HU RQ
DFLGHWFKHGGHQWLQHEHIRUHDGKHVLYHDSSOLFDWLRQ LVRQHRI
WKHZD\VWRSUHYHQWSRVWRSHUDWLYHVHQVLWLYLW\7-9,WVFOLQLFDO
HIILFLHQF\ LV EDVHG XSRQ WKH SRVVLELOLW\ WR RFFOXGH RSHQ
GHQWLQDO WXEXOHV E\ IRUPLQJ FDOFLXPR[DODWH VDOW FU\VWDOV
XQGHUQHDWKGHQWLQHVXUIDFHZKLFK UHGXFHVGHQWLQHK\GUR-
G\QDPLFFRQGXFWLYLW\+RZHYHU VLQFHFDOFLXPR[DODWH
LV D ZHDN DFLG VDOW DGKHVLYH S+ GLUHFWO\ LQIOXHQFHV LWV
VROXELOLW\ DQG VWDELOLW\9 )XUWKHUPRUH EDVHGRQ WKH VWXG\
E\<LXHWDO IOXRULGHFRQWHQW LQDGKHVLYHVGLUHFWO\ LQIOX-
HQFHVERQG VWUHQJWKEHWZHHQ DGKHVLYH DQGGHQWLQH7KLV
LVH[SODLQHGZLWK WKHIDFW WKDW IOXRULGHIURPWKHDGKHVLYH
UHDFWV ZLWK IUHH FDOFLXP LRQV DIWHU GHQWLQH HWFKLQJ DQG
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]LWQLP LVSXQLPD VH QH MDYOMD VYDNRGQHYQR 3URXþDYDMXüL
VLPSWRPH SRVWRSHUDWLYQH RVHWOMLYRVWL QDNRQ NRPSR]LWQLK
UHVWDXUDFLMD VYLK WLSRYD NDYLWHWD 8QHPRUL L VDU VX SUR-
QDãOL GD MH RG VYLK ]XED SRND]LYDOR ]QDNH SRVWRSH-
UDWLYQH RVHWOMLYRVWL 2YL DXWRUL VX GRãOL GR ]DNOMXþND GD
VHSRVWRSHUDWLYQDRVHWOMLYRVW MDYOMD LSRUHG]DãWLWHGHQWLQD
SRGORJDPD L ODMQHULPD2YX ]DVWXSOMHQRVW SRVWRSHUDWLYQH
RVHWOMLYRVWLREMDãQMDYDMXYLVRNLPSURFHQWRPPODGLKRVRED
NRMLVXELOLXNOMXþHQLXLVWUDåLYDQMH0ODGLSDFLMHQWLLPDMX
YHOLNX NRPRUX SXOSH L ãLURNH GHQWLQVNH NDQDOLüH ]ERJ
þHJDVXRVHWOMLYLMLQDKLGURGLQDPVNHQDGUDãDMH
 2SGDP L VDU10 VX QDãOL VOLþQH UH]XOWDWH L SRVWRSH-
UDWLYQXRVHWOMLYRVWRGNRG]XEDJGHVXNDYLWHWLSUYH
NODVHUHVWDXULVDQLNRPSR]LWQLPLVSXQLPD
8 VYDNRGQHYQRM SUDNVL QHUD]XPHYDQMH L SRJUHã-








NRM SUDNVL 'R RYDNYRJ ]DNOMXþND GRãOL VX L 1DVK L VDU
11 QDYRGHüL GD MH SRVWRSHUDWLYQD RVHWOMLYRVW SUREOHPNRML
VH MDYOMD ]ERJ YUOR RVHWOMLYH WHKQLNH UHVWDXUDFLMH2SGDP
L VDU 10 LVWLþX GD SRVWRSHUDWLYQD RVHWOMLYRVW NDR MHGDQRG
JODYQLK IDNWRUDNRMLRGUHÿXMHNOLQLþNLXVSHKNRPSR]LWQLK
UHVWDXUDFLMD X PQRJRPH ]DYLVL RG UHVWDXUDWLYQH WHKQLNH
SULPHQMHQHRGVWUDQHNOLQLþDUD
8 RYRP LVWUDåLYDQMX QH]QDWQD SRVWRSHUDWLYQD RVHW-
OMLYRVW MHQDMYHURYDWQLMHSRVOHGLFDQHDGHNYDWQHDGKH]LYQH
YH]H RGQRVQR SURSXVWD X UHVWDXUDWLYQRM SURFHGXUL ]ERJ
NRQWUDNFLMH NRPSR]LWQRJ PDWHULMDOD L IRUPLUDQMD PLNUR-
SXNRWLQH 7LPH VH REMDãQMDYD L RGVXVWYR RVHWOMLYRVWL QD
RVPRWVNHQDGUDåDMH ]DNRMH MHSRWUHEDQGLUHNWDQNRQWDNW
RVPRWVNH VXSVWDQFH L GHQWLQD1 3ULVXVWYR RVHWOMLYRVWL QD
PHKDQLþNH QDGUDåDMH þHVWR MH SRVOHGLFD HODVWLþQH GHIRU-
PDFLMHNRPSR]LWQRJ LVSXQDXVOHGRNOX]DOQRJRSWHUHüHQMD
NRMD GRYRGL GR WUDQVPLVLMH KLGURVWDWVNRJ SULWLVND SUHNR
WXEXODUQHWHþQRVWLGRRGRQWREODVWD
8 RYRP LVWDUåLYDQMX SURFHQD EROQH RVHWOMLYRVWL MH
YUãHQDQDRVQRYXILNVQLKNDWHJRULMDEROMHSULVXWDQERO
VLYHGHQWLQHLQWHUIDFH97KHLUSUHVHQFHLQWKHK\EULGOD\HU
PD\ UHVXOW LQ WKH IRUPDWLRQ RI VWUDLQ ZLWKLQ WKH K\EULG
OD\HUZLWKFRQVHTXHQWSRURXV]RQHVWKDWZHDNHQDGKHVLYH
ERQG WR GHQWLQH ,Q WKLV VWXG\ 6LQJOH %RQGZDV XVHG D
ZHDNDFLGDGKHVLYHZLWKPLQLPDOTXDQWLW\RIIOXRULGHDQG








DXWKRUV KDYH FRQFOXGHG SRVWRSHUDWLYH VHQVLWLYLW\ RFFXUV
HYHQ GHVSLWH GHQWLQH SURWHFWLRQ ZLWK OLQHUV DQG EDVHV
7KH UHSRUWHG SHUFHQWDJH RI SRVWRSHUDWLYH VHQVLWLYLW\ LV
H[SODLQHGZLWKKLJKSHUFHQWRI\RXQJYROXQWHHUVLQFOXGHG
LQWKHVWXG\<RXQJSDWLHQWVKDYHODUJHSXOSFKDPEHUDQG












H[SODQDWLRQ ZDV RIIHUHG E\ 1DVK HW DO11 ZKR VXJJHVWHG
WKDW SRVWRSHUDWLYH VHQVLWLYLW\ ZDV GXH WR YHU\ VHQVLWLYH
UHVWRUDWLRQ WHFKQLTXH2SGDPHWDO10KDYHVXJJHVWHG WKDW
SRVWRSHUDWLYHVHQVLWLYLW\DVRQHRIFULWLFDOIDFWRUVIRUFOLQ-
LFDO VXFFHVV RI5%& UHVWRUDWLRQV ODUJHO\ GHSHQGV RQ WKH
DSSOLHGWHFKQLTXH
,QWKHSUHVHQWVWXG\LQVLJQLILFDQWSRVWRSHUDWLYHVHQ-
VLWLYLW\ ZDV PRVW SUREDEO\ GXH WR LQDGHTXDWH DGKHVLYH
GHQWLQH ERQG LHPLVWDNHV LQ UHVWRUDWLYH SURFHGXUH RULJL-
QDWLQJIURPPDWHULDOFRQWUDFWLRQDQGPLFURJDSIRUPDWLRQ
7KLVDOVRH[SODLQVWKHODFNRIVHQVLWLYLW\WRRVPRWLFVWLP-
XOL DV LW UHTXLUHVGLUHFW FRQWDFWEHWZHHQDQRVPRWLF VXE-
VWDQFH DQG GHQWLQH1 6HQVLWLYLW\ WRPHFKDQLFDO VWLPXOL LV
RIWHQ WKH UHVXOW RI HODVWLF GHIRUPDWLRQ RI WKH UHVWRUDWLRQ
GXH WR RFFOXVDO ORDGLQJ ZKLFK OHDGV WR WUDQVPLVVLRQ RI
K\GURVWDWLFSUHVVXUH WKURXJK WXEXODU IOXLG WRZDUGVRGRQ-
WREODVWFHOOV
,Q WKH SUHVHQW VWXG\ VHQVLWLYLW\ HYDOXDWLRQ ZDV SHU-
IRUPHGEDVHGRQIL[HGFDWHJRULHVSDLQ LVSUHVHQW SDLQ LV
QRWSUHVHQW$QRWKHUPHWKRGIRUWKLVHYDOXDWLRQLVEDVHGRQ
YLVXDODQDORJXHVFDOHV 9$6 WKDWDUHVXSSRVHG WRSURYLGH
PRUHHIILFLHQWVWDWLVWLFDOFRQFOXVLRQV+RZHYHULWKDVEHHQ
88 6WRP*ODV6YRO




















1D RVQRYX GRELMHQLK UH]XOWDWD RYRJ LVWUDåLYDQMD
PRåH VH ]DNOMXþLWL GD VH SULPHQRP GHVHQ]LELOL]DWRUD QD
ED]LRNVDODWDSRMDYDSRVWRSHUDWLYQHRVHWOMLYRVWL ]QDþDMQR
VPDQMXMHDOLGDVHQHPRåHSRWSXQRHOLPLQLVDWL6WULNWQR
SUDüHQMH SURWRNROD SRVWDYH NRPSR]LWQRJ PDWHULMDOD X]
NRULãüHQMHGHVHQ]LELOL]DWRUDPRåHRYXSRMDYXVPDQMLWLQD
QDMPDQMXPHUX
REVHUYHG WKDWSDWLHQWVKDYHGLIILFXOWLHV LQ UHDFWLRQ WR9$6
DQGWKHUHIRUHLWZDVGHFLGHGWRXVHIL[HGSDLQFDWHJRULHV1
(YHQ WKRXJK SDWLHQWV ZHUH VHOHFWHG UDQGRPO\ WHHWK
LQFOXGHGLQWKHVWXG\ZHUHVHOHFWHGDFFRUGLQJWRSUHYLRXV-
O\ DGRSWHG FULWHULD LQ RUGHU WR DFKLHYH VDPSOH VWDQGDUGL-
]DWLRQ)RU SUHFLVH UHVXOWV D VLQJOH UHVHDUFKHU SHUIRUPHG





3UHVHQW VWXG\ UHVXOWV VXJJHVW WKDW R[DODWHEDVHG

















IROORZXS LQ DQ XQGHUJUDGXDWH SURJUDP J Dent  

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)57KHXVHRIR[DODWH WR UHGXFHGHQWLQSHUPHDELOLW\XQGHU
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±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